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Description 
POWER FACTOR IMPROVING CIRCUIT 

Technical Field 
[0001] 

The present invention relates to a power factor improving circuit, which is 
used in a switching power supply, with a high efficiency and low noise and a high 
power factor. 
Background Art 
[0002] 

FIG. 1 is a circuit configuration diagram of a conventional power factor 
improving circuit described in Unexamined Japanese Patent Publication 
No. 2000-37072. In the power factor improving circuit shown in FIG. 1, a series 
circuit, which includes a boost reactor LI, a main switch Ql such as an MOSFET 
and a current sensing resistor R, is connected to both output terminals PI and P2 
of a full-wave rectifier circuit Bl that rectifies an AC power supply voltage from an 
AC power supplyVacl. A serial circuit, which includes a diode Dl and a 
smoothing capacitor CI, is connected across the main switch Ql. A load RL is 
connected across the smoothing capacitor CI. The main switch Ql is turned on 
and off under control of PWM (Pulse Width Modulation) of a control circuit 100. 
The current sensing resistor R detects an input current flowing into the full-wave 
rectifier circuit Bl. 
[0003] 

The control circuit 100 includes an error amplifier 111, a multiplier 112, an 
error amplifier 113, an oscillator 114, and a PWM comparator 116. 
[0004] 

In the error amplifier 111, a reference voltage El is input to a + terminal and 
a voltage of a smoothing capacitor Cl is input to a - terminal. The error 
amplifier 111 amplifies an error between the voltage of the smoothing capacitor 
Cl and the reference voltage El to generate an error voltage signal and output a 
result to the multiplier 112. The multiplier 112 multiplies the error voltage 
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signal from the error amplifier 111 and a full-wave rectified voltage from the 
positive-side output terminal PI of the full-wave rectifier circuit Bl and outputs a 
multiplied output voltage to a + terminal of the error amplifier 113. 
[0005] 

In the error amplifier 113, voltage, which is proportional to the input current 
detected by the current sensing resistor R, is input to a - terminal and the 
multiplied output voltage from the multiplier 112 is input to a + terminal. The 
error amplifier 113 amplifies the error between the voltage due to the current 
sensing resistor R and the multiplied output voltage to generate an error voltage 
signal and output this error voltage signal as a feedback signal FB to the PWM 
comparator 116. The OSC (oscillator) 114 generates a triangular wave signal for 
a fixed period of time. 
[0006] 

In the PWM comparator 116, the triangular wave signal from the OSC 114 is 
input to a - terminal and the feedback signal FB from the error amplifier 113 is 
input to a + terminal. The PWM comparator 116 generates a pulse signal, which 
is turned on when a value of the feedback signal FB is a value of the triangular 
wave signal or more and turned off when the value of the feedback signal FB is 
below the value of the triangular wave signal, and applies the pulse signal to a 
gate of the main switch Ql. 
[0007] 

In other words, the PWM comparator 116 provides a duty pulse to the main 
switch Ql according to a difference signal between the output of the current 
sensing resistor R due to the error amplifier 113 and that of the multiplier 112. 
The duty pulse is a pulse width control signal for continuously making 
compensation by the constant period for variations in the AC power supply 
voltage and DC load voltage. The aforementioned configuration controls an AC 
power supply current waveform to match an AC power voltage waveform to 
largely improve the power factor. 
[0008] 



3 



FIG. 2 is a view illustrating a timing chart of each of an AC power supply 
voltage waveform and a rectified output current waveform in a conventional 
power factor improving circuit. FIG. 3 shows details on a portion A in the timing 
chart shown in FIG. 2. Namely, FIG. 3 shows a switching waveform with a 
frequency of 100 kHz in the vicinity of a maximum value of the AC power supply 
voltage. FIG. 4 shows details on a portion B in the timing chart shown in FIG. 2. 
Namely, FIG. 4 shows a switching waveform with a frequency of 100 kHz at a 
portion where the AC power supply voltage is low. 
[0009] 

An explanation will be next given of an operation of the above -structured 
power factor improving circuit with reference to the timing chart shown in FIG. 3. 
In addition, FIG. 3 illustrates a voltage Qlv across the main switch Ql, a current 
Qli flowing into the main switch Ql, and a current Dli flowing into the diode Dl. 
[0010] 

First, at a time tsi, the main switch Ql is turned on, so that the current Qli 
flows into the main switch Ql from the full- wave rectifier circuit Bl through the 
boost reactor LI. The current is linearly increased up to a time ts2 with the 
passage of time. It is noted that the current Dli flowing into the diode Dl 
becomes zero during the period between the time t3i and the time 32. 
[0011] 

Next, at the time t32, the main switch Ql is changed from on to off. At this 
time, the voltage Q1V of the main switch Ql is increased by energy stored in the 
boost reactor LI. Also, during the period between the time t32 and a time 33, since 
the main switch Ql is turned off, the current Qli flowing into the main switch Ql 
becomes zero. Additionally, during the period between the time t32 and the time 
33, the current Dli flows through a route of Bl— >L1— »D1— ►CI— >R— >B1 to supply 
power to the load RL. 
Disclosure of Invention 
[0012] 

By the way, in order to miniaturize the boost reactor LI, in general, the 
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frequency must be set to high (for example, 100 kHz). However, at the portion A 
where current, which corresponds to a portion in the vicinity of the maximum 
value of the AC power supply voltage, is high, even in the case of the high 
frequency, energy stored in the boost reactor Ll is supplied to the load RL through 
the diode Dl when the main switch Ql is turned off. 
[0013] 

However, at the portion B where voltage is low, the amount of current is 
small and the current, which is obtained when the main switch Ql is turned off, is 
low. Moreover, the main switch Ql, which is the MOSFET, has an internal 
capacitance (parasitic capacitance), which is not shown. In the main switch Ql, 
power loss occurs by an amount (CoV 2 /2) decided by the internal capacitance Co 
and applied voltage V. The power loss is increased in proportion to the 
frequency. 
[0014] 

Moreover, the amount of energy stored in the boost reactor Ll is small due 
to the internal capacitance of the main switch Ql. For this reason, when the 
main switch Ql is turned off, the voltage Qlv is shaped to a sine wave as shown 
in FIG. 4 and is not increased up to an output voltage, resulting in an increase in 
power loss. In other words, efficiency will be reduced. 
[0015] 

An object of the present invention is to provide a power factor improving 
circuit that decreases a switching frequency at a portion where an input current is 
low or stops an operation to reduce power loss at the portion where an input 
current is low, making it possible to achieve miniaturization, high efficiency, and 
noise reduction. 
[0016] 

A power factor improving circuit of the present invention includes a boost 
reactor that inputs a rectified voltage obtained by rectifying an AC power 
supply voltage of an AC power supply by a rectifier circuit; a main switch 
that inputs the rectified voltage through the boost reactor and is turned 
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on/off; a converting section that converts a voltage, which is obtained when 
the main switch is turned on/off, into a DC output voltage,* and a control 
section that controls turn-on/off of the main switch to shape an AC power 
supply current to sine wave form, controls an output voltage of the 
converting section to a predetermined voltage, and controls a switching 
frequency of the main switch according to a value of current flowing into the 
AC power supply or that of current flowing into the rectifier circuit or that 
of current flowing into the main switch. 
[0017] 

Moreover, a power factor improving circuit includes a boost reactor that 
has a primary winding, and a feed back winding connected to the primary 
winding in series and loosely coupled to the primary winding; a first series 
circuit that is connected between one output terminal of a rectifier circuit 
that rectifies an AC power supply voltage of an AC power supply and an 
other output terminal thereof, and includes the primary winding of the 
boost reactor, a first diode, and a smoothing capacitor; a second series 
circuit that is connected between the one output terminal of the rectifier 
circuit and another output terminal thereof, and includes the primary 
winding of the boost reactor, the feedback winding, and a main switch; a 
second diode that is connected between a junction of the main switch and the 
feedback winding and the smoothing capacitor; and a control section that 
controls turn on/off of the main switch to shape an AC power supply current 
to a sine wave, controls an output voltage of the smoothing capacitor to a 
predetermined voltage, and controls a switching frequency of the main 
switch according to a value of current flowing into the AC power supply or 
that of current flowing into the rectifier circuit or that of current flowing 
into the main switch. 
Brief Description of Drawings 
[0018] 

FIG.l is a circuit configuration diagram illustrating a conventional power 
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factor improving circuit. 

FIG. 2 is a timing chart of each of an AC power supply voltage waveform and 
a rectified output current waveform in the conventional power factor improving 
circuit. 

FIG. 3 is a view showing a switching waveform with a frequency of 100 kHz 
at a portion A of the timing chart shown in FIG. 2. 

FIG. 4 is a view showing a switching waveform with a frequency of 100 kHz 
at a portion B of the timing chart shown in FIG. 2. 

FIG. 5 is a circuit configuration diagram illustrating a power factor 
improving circuit according to Embodiment 1. 

FIG. 6 is a timing chart illustrating each of an input current waveform and a 
switching frequency of the power factor improving circuit according to 
Embodiment 1. 

FIG. 7 is a view illustrating a switching waveform with a frequency of 100 
kHz at a portion A of the timing chart shown in FIG. 6. 

FIG. 8 is a view illustrating a switching waveform with a frequency of 20 kHz 
at a portion B of the timing chart shown in FIG. 6. 

FIG. 9 is a specific circuit configuration diagram of VGO set in the power 
factor improving circuit according to Embodiment 1. 

FIG. 10 is a timing chart illustrating each of an input current waveform, 
voltage input to a hysterisis comparator, and a switching frequency . that is 
changed by this voltage in the power factor improving circuit according to 
Embodiment 1. 

FIG. 11 is a view illustrating a characteristic of VCO of the power factor 
improving circuit according to Embodiment 1. 

FIG. 12 is a view illustrating a state in which a pulse frequency of a PWM 
comparator is changed according to a change in a frequency of VCO of the power 
factor improving according to Embodiment 1. 

FIG. 13 is a timing chart illustrating each of an input current waveform and 
a switching frequency that is changed by voltage input to a hysterisis comparator 
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in the power factor improving circuit according to Embodiment 2. 

FIG. 14 is a specific circuit configuration diagram of VCO of a power factor 
improving circuit according to Embodiment 3. 

FIG. 15 is a timing chart illustrating each of an input current waveform, 
capacitor voltage, and a switching frequency that is changed by this voltage in the 
power factor improving circuit according to Embodiment 3. 

FIG. 16 is a view illustrating an inductance characteristic to current of a 
boost reactor. 

FIG. 17 is a circuit configuration diagram illustrating a power factor 
improving circuit according to Embodiment 4. 

FIG. 18 is a view illustrating a state in which the switching frequency is 
reduced at the time of light load in the power factor improving circuit according to 
Embodiment 4. 

FIG. 19 is a circuit configuration diagram illustrating a power factor 
improving circuit according to Embodiment 5. 

FIG. 20 is a circuit configuration diagram illustrating a power factor 
improving circuit according to Embodiment 6. 

FIG. 21 is a circuit configuration diagram illustrating a power factor 
improving circuit according to Embodiment 7. 

FIG. 22(a) is a configuration diagram illustrating a first example of a pulse 
width modulator included in a control circuit in the power factor improving circuit 
according to Embodiment 7. 

FIG. 22(b) is a configuration diagram illustrating a second example of the 
pulse width modulator included in the control circuit in the power factor 
improving circuit according to Embodiment 7. 

FIG. 23 is a view illustrating an I/O waveform of the pulse width modulator. 

FIG. 24(a) is a view illustrating a first example of an I/O characteristic of the 
pulse width modulator. 

FIG. 24(b) is a view illustrating a second example of an I/O characteristic of 
the pulse width modulator. 
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FIG. 25 is a view illustrating a waveform of each section of the power factor 
improving circuit according to Embodiment 7. 

FIG. 26 is a view illustrating a waveform of each of an input voltage and an 
input current of the power factor improving circuit according to Embodiment 7. 
Best Mode for Carrying Out the Invention 
[0019] 

The following will specifically explain embodiments of the power factor 
improving circuit according to the present invention. 
[0020] 

The power factor improving circuit according to embodiments of the present 
invention changes a switching frequency of a main switch according to a value of 
current flowing into an AC power supply or that of current flowing into a rectifier 
circuit or that of current flowing into the main switch, namely, a value of the 
input current, thereby reducing the switching frequency or stopping a switching 
operation at a portion where the input current is low. This makes it possible to 
decrease power loss of the portion where the input current is low and achieve 
miniaturization, high efficiency, and noise reduction. 
[0021] (Embodiment l) 

FIG. 5 is a circuit configuration diagram illustrating a power factor 
improving circuit according to Embodiment 1. FIG. 6 is a timing chart 
illustrating each of an input current waveform and a switching frequency of the 
power factor improving circuit according to Embodiment 1. FIG. 6 shows that the 
switching frequency f of the main switch Ql changes form zero to, for example, 
100 kHz when input current Ii changes from zero to a maximum value. 
[0022] 

In Embodiment 1, when the input current is a lower limit setting current or 
less, the switching frequency of the main switch is set to a lower limit frequency 
(for example, 20 kHz). When the input current is an upper limit setting current 
or more, the switching frequency of the main switch is set to an upper limit 
frequency (for example, 100 kHz). When the input current ranges from the 
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lower limit setting current to the upper limit setting current, the switching 
frequency of the main switch is gradually changed from the lower limit 
frequency to the upper limit frequency. 
[0023] 

In the power factor improving circuit shown in FIG. 5, the input current is 
controlled to be shaped to a sine wave in such a manner to be approximated to the 
input voltage. Accordingly, the current also reaches the maximum in the vicinity 
of the maximum value of voltage and the size of a boost reactor LI is decided by 
this current, voltage and the switching frequency of the main switch Ql. For this 
reason, in order to miniaturize the boost reactor LI, the switching frequency in 
the vicinity of the maximum value of current must be increased. Moreover, a 
magnetic flux of the boost reactor LI is proportional to the current. For this 
reason, the magnetic flux is maximum at the portion in the vicinity of the 
maximum value of current. 
[0024] 

On the other hand, in the case of the conventional power factor improving 
circuit using a fixed switching frequency, at a portion (B) where an input voltage 
is low as shown in FIG. 2, voltage, which is obtained when the main switch Ql is 
turned off, is shaped to a sine wave since energy stored in the boost reactor LI is 
small due to an internal capacitance of the main switch Ql as shown in FIG. 4. 
For this reason, the voltage is not increased up to an output voltage but is merely 
circulated in the interior, resulting in an increase in power loss. Accordingly, the 
power factor improving circuit of Embodiment 1 reduces the switching frequency 
of the main switch Ql at a portion (portion B of FIG. 6) where the input current is 
low. 
[0025] 

FIG. 7 illustrates a switching waveform with a frequency of 100 kHz at a 
portion A (vicinity where a value of an input current Ii is maximum) of the timing 
chart shown in FIG. 6. The timing chart shown in FIG. 7 is the same as the 
timing chart of FIG. 2 since the switching frequency f is 100 kHz. FIG. 8 
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illustrates a switching waveform with a frequency of 20 kHz at the portion B 
(portion where the input current Ii is low) of the timing chart shown in FIG. 6. 
[0026] 

The power factor improving circuit of Embodiment 1 shown in FIG. 5 is 
different from the conventional power factor improving circuit shown FIG.l in 
only the structure of the control circuit 10. In addition, the other components 
shown in FIG. 5 similar to those corresponding components shown in FIG. 1 are 
assigned the same reference numerals and their detailed explanations are 
omitted. 
[0027] 

The control circuit 10 includes an error amplifier 111, a voltage control 
oscillator (VCO) 115, and a PWM comparator 116. In addition, the error 
amplifier 111 and PWM comparator 116 are the same as those shown in FIG. 1 
and their explanations are omitted. 
[0028] 

The VCO 115 (corresponding to a frequency control section of the present 
invention) is connected to a junction of a negative-side output terminal P2 of a 
full-wave reflector Bl and a current sensing resistor R, and generates a 
triangular wave signal (corresponding to a frequency control signal of the present 
invention) obtained by changing the switching frequency f of the main switch Ql 
according to a voltage value that is proportional to the current flowing into the 
current sensing resistor R. The VCO 115 has a voltage to frequency conversion 
characteristic in which the switching frequency f of the main switching Ql is 
increased according to an increase in voltage detected by the current sensing 
resistor R. 
[0029] 

FIG. 9 is a specific circuit configuration diagram of VCO of the power factor 
improving circuit according to Embodiment 1. In VCO 115, a resistor Rl is 
connected to the current sensing resistor R and a resistor R2 is connected to the 
resistor Rl in series. A cathode of a Zener diode ZD is connected to a R1-R2 
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junction. An anode of the Zener diode ZD is connected to a positive pole of a 
control power supply Eb and a power supply terminal b of a hysterisis comparator 
115a. The R1-R2 junction is connected to an input terminal a of the hysterisis 
comparator 115a and a grounding terminal c of the hysterisis comparator 115a is 
connected to a negative pole of the control power supply Eb and the other terminal 
of the resistor R2. An output terminal d of the hysterisis comparator 115a is 
connected to one terminal of the PWM comparator 116. The hysterisis 
comparator 115a generates a triangular wave signal having a voltage to frequency 
conversion characteristic CV in which the switching frequency f of the main 
switching Ql is increased according to an increase in voltage Ea applied to the 
input terminal a as illustrated in FIG. 11. 
[0030] 

With the VCO 115 shown in FIG. 9, when the input current Ii shown in FIG. 
6 reaches the portion in the vicinity (portion A) of the maximum value, the voltage 
of the current sensing resistor R is increased, so that the Zener diode ZD breaks 
down. Accordingly, the voltage Ea applied to the input terminal a is set to a total 
voltage (V z + Eb) of Zener diode ZD breakdown voltage V z and control power 
supply voltage Eb, namely, an upper setting voltage. Moreover, when the input 
current Ii reaches the portion (portion B) where the input current Ii is low, the 
voltage of current sensing resistor R is reduced, so that current flows into the 
resistor R2 from the control power supply Eb through the Zener diode ZD. 
Accordingly, the voltage Ea applied to the input terminal a is set to a control 
power supply voltage Eb, namely, a lower limit setting voltage. Moreover, when 
the input current Ii is in the range including the vicinity of the maximum value 
and the low current portion, voltage Ea applied to the input terminal a is 
gradually changed in the range including the total voltage (V z + Eb) and the 
control power supply voltage Eb. 
[0031] 

For this reason, as illustrated in FIG. 11, when the voltage, which is 
proportional to the input current Ii, is the lower limit setting voltage Eb or less, 
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the switching frequency f of the main switching Ql is set to a lower limit 
frequency fi2 (for example, 20 kHz). When the voltage, which is proportional to 
the input current Ii, is the upper limit setting voltage (Vz+Eb) or more, the 
switching frequency f of the main switching Ql is set to an upper limit frequency 
fn (for example, 100 kHz). When the voltage, which is proportional to the input 
current, ranges from the lower limit setting voltage Eb to the upper limit setting 
voltage (Vz+Eb), the switching frequency f of the main switching Ql is gradually 
changed from the lower limit frequency fi2 to the upper limit frequency fn. 
[0032] 

In the PWM comparator 116 (corresponding to a pulse width control section 
of the present invention), a triangular wave signal is input to a - terminal from 
the VCO 115 and a feedback signal FB is input to a + terminal from the error 
amplifier 111. The PWM comparator 116 generates a pulse signal that is turned 
on when a value of the feedback signal FB is a value of the triangular wave signal 
or more and that is turned off when the value of the feedback signal FB is below 
the value of the triangular wave signal as illustrated in FIG. 12. The PWM 
comparator 116 applies the pulse signal to the main switching Ql to control an 
output voltage of a smoothing capacitor CI to a predetermined voltage. 
[0033] 

Moreover, the PWM comparator 116 controls the output voltage to a 
predetermined voltage by reducing a pulse-on width where the value of the 
feedback signal FB is the value of the triangular wave signal or more, when the 
output voltage of the smoothing capacitor CI reaches a reference voltage El to 
reduce the feedback signal FB. In other words, the pulse width is controlled. 
[0034] 

It is noted that the maximum and minimum values of the voltage of the 
triangular wave signal from the VCO 115 are not changed by the frequency. 
Accordingly, an on/off duty ratio of the pulse signal is decided by the feedback 
signal FB of the error amplifier 111 regardless of the frequency. Moreover, even 
if the switching frequency f is varied to change a pulse signal on-width, the on/off 
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duty ratio of the pulse signal is unchanged 
[0035] 

An explanation will be next given of an operation of the above-structured 
power factor improving circuit of Embodiment 1 with reference to FIGS. 5 to 12. 
The following will explain only the operation of the control circuit 10. 
[0036] 

First, the error amplifier 111 amplifies an error between the voltage of the 
smoothing capacitor CI and the reference voltage El to generate an error voltage 
signal and output the error voltage signal as a feedback signal FB to the PWM 
comparator 116. 
[0037] 

On the other hand, the VCO 115 generates a triangular wave signal 
obtained by changing the switching frequency f of the main switch Ql according 
to a voltage value that is proportional to the value of current flowing into the 
current sensing resistor R. 
[0038] 

The following will explain the operation with reference to the timing chart of 
FIG. 10. When the input current Ii reaches the portion in the vicinity of the 
maximum value (for example, time t2"t3 and time te~t7), the Zener diode ZD shown 
in FIG. 9 breaks down. Accordingly, the voltage Ea applied to the input terminal 
a is set to a total voltage (V z + Eb) of a Zener diode ZD breakdown voltage Vz and a 
control power supply voltage Eb, namely, an upper setting voltage. For this 
reason, when the voltage, which is proportional to the input current Ii, is the 
upper limit setting voltage (Vz+Eb) or more, the switching frequency f of the main 
switching Ql is set to an upper limit frequency fn (for example, 100 kHz) by the 
VCO 115. 
[0039] 

Next, when the input current Ii reaches a low current portion (for example, 
time to"ti and time t4'ts), the current flows into the resistor R2 from the control 
power supply Eb shown in FIG. 9 through the Zener diode ZD. Accordingly, the 
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voltage Ea applied to the input terminal a is set to a control power supply voltage 
Eb, namely, a lower limit setting voltage. For this reason, when the voltage, 
which is proportional to the input current Ii, is the lower limit setting voltage Eb 
or less, the switching frequency f of the main switching Ql is set to a lower limit 
frequency fi2 (for example, 20 kHz) by the hysterisis comparator 115a. 
[0040] 

Moreover, when the input current Ii is in the range including the vicinity of 
the maximum value and the low current portion(for example, the time 1 1 -t 2 > time 
t 3 -t 4 and time t 5 -t 6 ), voltage Ea applied to the input terminal a is gradually 
changed in the range including the total voltage (V z + Eb) and control power 
supply voltage Eb. Accordingly, when the voltage, which is proportional to the 
input current Ii, ranges from the lower limit setting voltage Eb to the upper limit 
setting voltage (Vz+Eb), the switching frequency f of the main switching Ql is 
gradually changed from the lower limit frequency fi2 to the upper limit frequency 
fn. 

[0041] 

Next, when the input current Ii is in the vicinity of the maximum value (for 
example, the time t 2 -t 3 and the time tc^), the PWM comparator 116 generates a 
pulse signal having an upper limit frequency fn, which is turned on when a value 
pf the feedback signal FB is a value of the triangular wave signal having an upper 
limit frequency fn or more and turned off when the value of the feedback signal 
FB is below the value of the triangular wave signal having the upper limit 
frequency fn, and applies the pulse signal to the main switch Ql as shown in FIG. 
12. 

[0042] 

On the other hand, at the portion where the input current Ii is low (for 
example, the time t<rti and the time t^ts), the PWM comparator 116 generates a 
pulse signal having a lower limit frequency fi2, which is turned on when a value of 
the feedback signal FB is a value of the triangular wave signal having a lower 
limit frequency fi2 or more and turned off when the value of the feedback signal 



15 



FB is below the value of the triangular wave signal having the lower limit 
frequency fi2, and applies the pulse signal to the main switch Ql as shown in FIG. 
12. 

[0043] 

Moreover, when the input current Ii is in the range including the vicinity of 
the maximum value and the low current portion(for example, the time t 1 -t 2 * the 
time t 3 -t 4 and the time t 5 -t 6 ), the PWM comparator 116 generates a pulse signal 
having a frequency that is gradually changed in the range from the lower limit 
frequency fi2 to the upper limit frequency fn, and applies the pulse signal to the 
main switch Ql. 
[0044] 

As explained above, the power factor improving circuit of Embodiment 1 
changes the switching frequency f of the main switch Ql according to the input 
current Ii and reduces the switching frequency at the portion where the input 
current Ii is low. This increases the on-time of the main switch Ql as shown in 
FIG. 8 and the current is also increased to allow power to be supplied to the load 
RL. Moreover, since the number of switching is reduced, switching loss can be 
also reduced. 
[0045] 

Particularly, the upper limit frequency is set to, for example, 100 kHz as a 
switching frequency f of the main switch Ql and the lower limit frequency is set to, 
for example, 20 kHz as a frequency that the human ear cannot hear, and the 
switching frequency f of the other portion is proportioned to the input current Ii. 
Accordingly, switching loss can be reduced and the frequency is lower than audio 
frequency, so that no uncomfortable noise is produced. 
[0046] 

Furthermore, since the magnetic flux of boost reactor LI is proportional to 
the current, the switching frequency is set to the maximum frequency when the 
input current reaches the maximum values. Even if the frequency of other 
portion is changed in proportional to the input AC power supply Vi, the magnetic 
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flux of the boost reactor LI does not exceed the maximum value. This allows a 

reduction in switching loss without enlarging the boost reactor LI. 

[0047] 

Moreover, regarding an inductance characteristic to the current of the boost 
reactor LI, when the current is small, the inductance value may be increased, and 
when the current is large, the inductance value may be decreased as shown in FIG. 
16. Energy stored in the boost reactor LI is expressed by (LI 2 )/2 and is 
proportional to an inductance value L and current I. For this reason, even when 
the current is small, energy stored in the boost reactor LI is relatively large. 
Accordingly, since current continuous time of the boost reactor LI can be 
increased to reduce an effective value of current, loss can be further decreased. 
Additionally, for example, ferrite powder and amorphous powder are mixed and 
their mixing ratio is appropriately selected, thereby making it possible to obtain a 
characteristic as illustrated in FIG. 16. 
[0048] 

Furthermore, since the switching frequency f of the main switch Ql ranges 
from the lower limit frequency to the upper limit frequency, generating noise is 
dispersed with respect to the frequency, so that noise can be reduced. 
Accordingly, it is possible to provide a power factor improving circuit that can 
achieve miniaturization, high efficiency and noise reduction. 
[0049] 

This makes it possible to achieve miniaturization of a switching power 
supply device and an increase in efficiency thereof. Moreover, when power 
consumption is small such as standby time, the amount of input current is also 
decreased. When the main switch Ql is switched at high frequency, a ratio of 
switching loss is increased to further reduce the efficiency. Accordingly, when 
the switching frequency is changed in proportional to the input current, the 
switching frequency is decreased at low output power to make it possible to 
reduce the switching loss. In other words, this makes it possible to improve the 
efficiency at the time of low output power (such as standby time) and reduce 



17 



power consumption of equipment such as television (TV) sets. For example, it is 
possible to reduce power consumption at the time of low output power such as a 
function standby of, e.g., a digital TV set (a state in which a tuner and a part of 
the control circuit are operated to allow reception of a program guide). 
[0050] 

Moreover, in the conventional power factor improving circuit shown in FIG. 
1, the control circuit 100 for high pressure was needed since voltage was extracted 
from the positive -side output terminal PI of the full- wave rectifier circuit Bl. 
However, in the power factor improving circuit according to Embodiment 1, the 
control circuit 10 for low pressure may be used since voltage is derived from the 
negative-side output terminal P2 of the full-wave rectifier circuit Bl. 
[0051] (Embodiment 2) 

FIG. 13 is a timing chart of a switching frequency that is changed according 
to an input current waveform and voltage input to a VCO in a power factor 
improving circuit according to Embodiment 2. 
[0052] 

In Embodiment 1 shown in FIG. 10, when the input current Ii reached the 
low current portion, the switching frequency f of the main switch Ql was set to the 
lower limit frequency fi2 (for example, 20 kHz) by the VCO 115. In Embodiment 
2 shown in FIG. 13, when the input current Ii is in the low current portion, the 
' operation of the main switch Ql is stopped by the VCO 115 in the case of the lower 
limit frequency fi2. At a portion where the operation is stopped, since the amount 
of the AC power supply current is small, distortion of the input current waveform 
is suppressed to a minimum. 
[0053] (Embodiment 3) 

In Embodiment 3, when the voltage, which is proportional to the input 
current, is the setting voltage or less, the switching frequency of the main switch 
is set to the lower limit frequency (for example, 20 kHz), and when the voltage, 
which is proportional to the input current, exceeds the setting voltage, the 
switching frequency of the main switch is set to the upper limit frequency (for 



18 



example, 100 kHz). 
[0054] 

FIG. 14 is a specific circuit configuration diagram of VCO of a power factor 
improving circuit according to Embodiment 3. In VCO 115 shown in FIG. 14, a 
resistor Rl is connected to a negative-side output terminal P2 of a full-wave 
rectifier circuit Bl and a resistor R2 is connected to the resistor Rl in series. A 
comparator 115b inputs voltage of a junction of the resistor Rl and the resistor R2 
to a + terminal and a reference voltage Erl to a - terminal. The comparator 115b 
outputs an H-level voltage to a base of a transistor TR1 when the voltage at the 
junction of the resistor Rl and the resistor R2 is higher than the reference voltage 
Erl. In this case, the reference voltage Erl is set to the setting voltage. 
[0055] 

An emitter of the transistor TR1 is grounded and a collector of the transistor 
TR1 is connected to a base of a transistor TR2, one end of a resistor R4 and one 
end of a resistor R5 through a resistor R3. The other end of the resistor R4 is 
connected to a power supply Vb and the other end of the resistor R5 is grounded. 
An emitter of a transistor TR2 is connected to the power supply Vb through a 
resistor R6 and a collector of the transistor TR2 is grounded through a capacitor 
C. 

[0056] 

In order to provide hysterisis to a comparator 115c, a resistor R9 is 
connected between a + terminal and an output terminal, and the + terminal is 
grounded through a resistor R8. 
[0057] 

The comparator 115c inputs the voltage of the capacitor C to the — terminal. 
Moreover, a series circuit having a diode D and a resistor R7 is connected to the — 
terminal from the output terminal in order to discharge the capacitor C. A VCO 
115A generates a triangular wave signal obtained by setting the switching 
frequency f of the main switch Ql to the lower limit frequency fi2 when the voltage, 
which is proportional to the input current Ii, is the setting voltage or less as shown 
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in FIG. 15. The VCO 115A generates a triangular wave signal obtained by setting 
the switching frequency f of the main switch Ql to the upper limit frequency fn 
when the voltage, which is proportional to the input current Ii, exceeds the setting 
voltage. 
[0058] 

An explanation will be next given of an operation of the above-structured 
power factor improving circuit of Embodiment 3 with reference to FIGS. 14 and 15. 
The following will explain only the operation of the VCO 115A. 
[0059] 

First, the VOC 115A generates a triangular wave signal obtained by 
changing the switching frequency f of the main switch Ql according to the voltage 
value, which is proportional to the current flowing into the current sensing 
resistor R. 
[0060] 

The following will explain the operation using a timing chart of FIG. 15. 
When the voltage, which is proportional to the input current Ii, exceeds the setting 
voltage (for example, the time t2"t3 and the time ts-te), the transistor TR1 is turned 
on by the FHevel voltage from the comparator 115b. Accordingly, since the 
current flows into the resistor R3 from the power supply Vb through the resistor 
R4 and the base of the transistor TR2, a collector current of the transistor TR2 is 
increased. As a result, the capacitor C is charged by the current flowing into the 
collector of the transistor TR2 for a short period of time. In other words, since a 
voltage Ec of the capacitor C rises and the voltage Ec is input to the 
comparator 115c, the comparator 115c generates a triangular wave signal 
obtained by setting the switching frequency f of the main switch Ql to the 
upper limit frequency fn (for example, 100 kHz). 
[0061] 

On the other hand, when the voltage, which is proportional to the input 
current Ii, is the setting voltage or less (for example, the time to~t2 and the time 
t3-t5), the transistor TR1 is turned off since the H-level voltage is not output from 



20 



the comparator 115b. For this reason, the collector current of the transistor TR2 
is reduced to increase charging time for the capacitor C. In other words, since 
the voltage Ec of the capacitor C slowly rises and the voltage Ec is input to 
the comparator 115c, the comparator 115c generates a triangular wave 
signal obtained by setting the switching frequency f of the main switch Ql 
to the lower limit frequency fi2 (for example, 20 kHz). 
[0062] 

Next, when the voltage, which is proportional to the input current Ii, exceeds 
the setting voltage (for example, the time t 2 -t 3 and the time ts*t6), the PWM 
comparator 116 generates a pulse signal having an upper limit frequency fn, 
which is turned on when a value of the feedback signal FB is a value of the 
triangular wave signal having an upper limit frequency fn or more and turned off 
when the value of the feedback signal FB is below the value of the triangular wave 
signal having the upper limit frequency fn, and applies the pulse signal to the 
main switch Ql. 
[0063] 

On the other hand, when the voltage, which is proportional to the input 
current Ii, is the setting voltage or less (for example, time to~t2 and time t3-ts), the 
PWM comparator 116 generates a pulse signal having a lower limit frequency fi2, 
which is turned on when a value of the feedback signal FB is a value of the 
triangular wave signal having a lower limit frequency fi2 or more and turned off 
when the value of the feedback signal FB is below the value of the triangular wave 
signal having the lower limit frequency fi2, and applies the pulse signal to the 
main switch Ql. 
[0064] 

As explained above, in the power factor improving circuit according to 
Embodiment 3, when the voltage, which is proportional to the input current Ii, is 
the setting voltage or less, the switching frequency of the main switch Ql is set to 
the lower limit frequency, and when the voltage, which is proportional to the input 
current Ii, exceeds the setting voltage, the switching frequency of the main switch 
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Ql is set to the upper limit frequency. Accordingly, even in Embodiment 3, 

substantially the same effect as that of Embodiment 1 can be obtained. 

[0065] 

Additionally, since the input current is small at the time of light load, the 
above can be applied to only the case when the voltage, which is proportional to 
the input current Ii, is the setting voltage or less, and the switching frequency f is 
set to only the lower limit frequency fi2 (for example 20 kHz). 
[0066] (Embodiment 4) 

FIG. 17 is a circuit configuration diagram illustrating a power factor 
improving circuit according to Embodiment 4. In the power factor improving 
circuit of Embodiment 4 shown in FIG. 17, the main switch Ql is operated at a low 
frequency (for example, 20 kHz) at the time of light load such as standby time and 
the main switch Ql is operated at a high frequency (for example, 100 kHz) at a 
normal time (heavy load time). Since the structure of a control circuit 10a of 
Embodiment 4 is different from that of the control circuit 10 of Embodiment 1, 
explanation will be given to only the control circuit 10a. 
[0067] 

The control circuit 10a includes an error amplifier 111, an average current 
detecting section 117, a comparator 118, a VCO 115e, and a PWM comparator 116. 
[0068] 

The average current detecting section 117 detects an average value of 
current flowing into the current sensing resistor R. In the comparator 118, a 
reference voltage VI is input to a — terminal and the average value of current from 
the average current detecting section 117 is input to a + terminal. The 
comparator 118 outputs an H-level voltage to the VCO 115e when the average 
value of current exceeds the reference voltage VI and outputs an L-level voltage to 
the VCO 115e when the average value of current is the reference voltage VI or 
less. 
[0069] 

The VCO 115e generates a triangular wave signal obtained by setting the 
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switching frequency of the main switch Ql to 100 kHz when the H-level voltage is 
input from the comparator 118 and generates a triangular wave signal obtained 
by setting the switching frequency of the main switch Ql is to 20 kHz when the 
L-level voltage is input from the comparator 118. 
[0070] 

In the PWM comparator 116, the triangular wave signal from the VCO 115e 
is input to a - terminal and a feedback signal FB from the error amplifier 111 is 
input to a + terminal. The PWM comparator 116 generates a pulse signal, which 
is turned on when the value of feedback signal FB is the value of the triangular 
wave signal or more, and turned off when the value of feedback signal FB is below 
the value of the triangular wave signal. The PWM comparator 116 applies the 
pulse signal to the main switch Ql to control an output voltage of a smoothing 
capacitor CI to a predetermined voltage. 
[0071] 

According to the aforementioned structure, the VCO 115e generates a 
triangular wave signal obtained by setting the switching frequency of the main 
switch Ql to 100 kHz when the average value of the current flowing into the 
current sensing resistor R exceeds the reference voltage VI. In this case, the 
switching frequency is set to 100 kHz at the time of heavy load as illustrated in 
FIG. 18. Also, the VCO 115e generates a triangular wave signal obtained by 
setting the switching frequency of the main switch Ql to 20 kHz when the 
average value of the current exceeds the reference voltage VI or less. In this 
case, the switching frequency is set to 20 kHz at the time of light load as 
illustrated in FIG. 18. In other words, the main switch Ql can be operated at the 
low frequency (20 kHz) at the time of light load such as standby time and 
operated at the high frequency (100 kHz) at the normal time (heavy load time). 
[0072] 

Moreover, in the apparatus such as TV set, a standby signal at the standby 
time is input from the television apparatus and the switching frequency of the 
main switch Ql can be reduced by this standby signal. In this case, efficiency can 
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be improved only at the standby time. Furthermore, the operation of the main 
switch Ql is stopped by the standby signal and a DC/DC converter connected after 
the power factor improving circuit supplies power at the standby time, thereby 
making it possible to improve efficiency. Moreover, the switching frequency is 
reduced at the time of light load (standby time), so that switching loss can be 
reduced to make it possible to improve efficiency. 
[0073] (Embodiment 5) 

FIG. 19 is a circuit configuration diagram illustrating a power factor 
improving circuit according to Embodiment 5. The power factor improving circuit 
of Embodiment 5 shown in FIG. 19 stops the switching operation of the main 
switch Ql when an average value of current flowing into the current sensing 
resistor R is the setting voltage value or less, and starts the switching operation of 
the main switch when an output voltage of a smoothing capacitor Cl is the setting 
value or less. Since only the structure of a control circuit 10b of Embodiment 5 is 
different from that of the control circuit 10 of Embodiment 1, explanation will be 
given to only the control circuit 10b. 
[0074] 

The control circuit 10b includes an error amplifier 111, an average current 
detecting section 117, a comparator 119, an OSC 114, a comparator 120, and a 
PWM comparator 116. 
[0075] 

The average current detecting section 117 detects an average value of 
current flowing into the current sensing resistor R. In the comparator 119, a 
reference voltage V2 is input to a — terminal and the average value of current from 
the average current detecting section 117 is input to a + terminal. The 
comparator 119 outputs an H~level voltage to the OSC 114 when the average 
value of current exceeds the reference voltage V2 and outputs an Lr level voltage to 
the OSC 114 when the average value of current is the reference voltage V2 or less. 
[0076] 

The OSC 114 generates a triangular wave signal obtained by setting the 
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switching frequency of the main switch Ql to 100 kHz when the H-level voltage is 
input from the comparator 119 and stops an oscillation operation of the triangular 
wave signal in order to stop the switching operation of the main switch Ql. 
[0077] 

In the PWM comparator 116, the triangular wave signal from the OSC 114 is 
input to a — terminal and a feedback signal FB from the error amplifier 111 is 
input to a + terminal. The PWM comparator 116 generates a pulse signal, which 
is turned on when the value of feedback signal FB is the value of the triangular 
wave signal or more, and is turned off when the value of feedback signal FB is 
below the value of the triangular wave signal. The PWM comparator 116 applies 
the pulse signal to the main switch Ql to control an output voltage of the 
smoothing capacitor Cl to a predetermined voltage. 
[0078] 

In the comparator 120, a reference voltage E2 is input to a — terminal and a 
feedback signal FB from the error amplifier 111 is input to a + terminal. The 
comparator 120 outputs an H-level voltage to the OSC 114 when the value of the 
feedback signal FB is a value of the reference voltage E2 or more and outputs an 
L-level voltage to the OSC 114 when the value of the feedback signal FB is below 
the value of the reference voltage E2. Only when the H-level voltage is input 
from the comparator 120, the OSC 114 restarts the stopped oscillation operation of 
the triangular wave signal to generate a triangular wave signal obtained by 
setting the switching frequency of the main switch Ql to 100 kHz. 
[0079] 

According to the aforementioned structure, the OSC 114 generates a 
triangular wave signal obtained by setting the switching frequency of the main 
switch Ql to 100 kHz when the average value of current flowing into the current 
sensing resistor R exceeds the reference voltage V2, and stops the oscillation 
operation of the triangular wave signal to stop the switching operation of the main 
switch Ql when the average value of current is the reference voltage V2 or less. 
Moreover, only when the value of the feedback signal FB is the value of the 
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reference voltage E2 or more (namely, the output voltage of smoothing capacitor 
CI is the setting voltage or less), the OSC 114 restarts the stopped oscillation 
operation of the triangular wave signal to generate a triangular wave signal 
obtained by setting the switching frequency of the main switch Ql to 100 kHz. 
[0080] 

In other words, when the average value of the current flowing into the 
current sensing resistor R is the setting value or less, the switching operation of 
the main switch Ql is stopped and when the output voltage of the smoothing 
capacitor CI is the setting voltage or less, the switching operation of the main 
switch Ql is started, so that switching loss of the main switching Ql can be 
further reduced. 
[0081] (Embodiment 6) 

FIG. 20 is a circuit configuration diagram illustrating a power factor 
improving circuit according to Embodiment 6. In the power factor improving 
circuit according to Embodiment 6, the loss can be reduced by performing zero 
current switching (ZCS) by leakage inductance between a primary winding and a 
feedback winding, which are wound around a core having a central leg and a side 
leg, when the main switch is turned on. Moreover, the power factor improving 
circuit highly improves efficiency through a magnetic path of the core by feeding 
back energy stored in the leakage inductance to the load through the diode. 
[0082] 

Furthermore, the power factor improving circuit is a continuous mode boost 
type power factor improving circuit in which an input current is shaped to a sine 
wave, voltage of the smoothing capacitor is controlled, and power is supplied to the 
load by the smoothing capacitor. The power factor improving circuit clamps the 
voltage of the main switching to the voltage of the smoothing capacitor. The 
continuous mode is an operation mode that turns on the main switch Ql again 
when current Dli flows into a diode Dl, namely, current flows into a primary 
winding 5a. 
[0083] 
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In FIG. 20, a full-wave rectifier Bl is connected to anAC power supply Vacl, 
rectifies an AC power supply voltage from the AC power supply Vacl to output the 
result to a positive-side output terminal PI and a negative-side output terminal 
P2. 
[0084] 

A boost reactor L2 has the primary winding 5a (winding number nl) and a 
feedback winding 5b (winding number n2) connected to the primary winding 5a in 
series, and the primary winding 5a and the feedback winding 5b are 
electromagnetically coupled to each other. The feedback winding 5b is loosely 
coupled to the primary winding 5a and leakage inductance between the primary 
winding 5a and the feedback winding 5b is increased. 
[0085] 

A first series circuit, which includes the primary winding 5a of the boost 
reactor L2, the diode Dl, the smoothing capacitor CI and the current sensing 
resistor R, is connected between the positive-side output terminal PI and the 
negative-side output terminal P2 of the full wave rectifier Bl. 
[0086] 

Moreover, a second series circuit, which includes the boost reactor L2, the 
main switch Ql and the current sensing resistor R, is connected between the 
positive-side output terminal PI and the negative-side output terminal P2 of the 
full wave rectifier Bl. A diode D2 is connected between a junction of the main 
switch Ql and the feedback winding 5b and the smoothing capacitor CI. 
[0087] 

The structure of the control circuit 10 is the same as that of FIG. 5, and the 
detailed explanations are omitted here. 
[0088] 

The following will explain an operation of the above -structured power factor 
improving circuit according to Embodiment 6. First, since the current flows into 
the primary winding 5a, the diode Dl is in a conductive state. When the main 
switch Ql is turned on, the current flows through the route of Vacl— >B1— >5a— >5b— » 



27 



Ql— >R— >B1— >Vacl by voltage rectified by AC power supply voltage Vi. For this 
reason, a voltage is applied to leakage inductance Le (not shown) of the feedback 
winding 5b, so that current flowing into the main switch Ql is increased by an 
inclination of Eo/Le. Accordingly, since the current of the main switch Ql is 
started from zero, the main switch Ql performs a ZCS operation. 
[0089] 

Additionally, when the diode Dl is in a conductive state, the same voltage as 
an output voltage Eo (voltage across the smoothing capacitor Cl) is applied to the 
leakage inductance Le. After the diode Dl is turned off, a voltage of the AC 
power supply Vacl is applied to the primary winding 5a. 
[0090] 

Furthermore, current flowing into the diode Dl is reduced to zero, 
simultaneously with an increase in current of the feedback winding 5b, and the 
diode Dl is turned off. During recovery time, a spike current due to recovery of 
the diode Dl flows into the main switch Ql. The spike current is limited by 
impedance of the leakage inductance Le. 
[0091] 

When the recovery time is ended, the reverse direction of diode Dl is 
recovered ,and a rate of increase in current of the feedback winding 5b is reduced. 
The voltage of the primary winding 5a of the boost reactor L2 is added to the input 
voltage and current Qli flows through the route of Vacl— »B1— >5a— >5b — >Q1— » R— > 
Bl— >Vacl. The current of the main switch Ql rises by an inclination of Vacl/5a. 
[0092] 

Next, when the main switch Ql is turned off, current flows into the diode Dl 
through the route of 5a— >D1— >C1— >R— ►Bl— >Vacl— >5a by energy stored in the 
primary winding 5a of the boost reactor L2. As a result, the smoothing capacitor 
Cl is charged and power is supplied to the load RL. 
[0093] 

Likewise, a voltage of the main switch Ql is increased by energy stored in 
the feedback winding 5b. Moreover, current flows into the diode D2 through the 
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route of by 5b— >D2— >C1— »R— >B1— »Vacl— >5a— >5b by energy stored in the feedback 
winding 5b. Namely, energy stored in the feedback winding 5b is regenerated by 
the load RL through the diode D2. An amount of energy at this time is decided 
by a voltage generated in the feedback winding 5b of the boost reactor L2 and 
current of the leakage inductance Le. The larger the number of windings n2 of 
the feedback windings 5b, the higher the generated voltage is, and its discharge is 
ended in a short period of time. 
[0094] 

At the time when this discharge is completed, the current of diode D2 
becomes zero. When the main switch Ql is turned on again after a reverse 
characteristic is recovered, the ZCS operation can be continued. Moreover, the 
control circuit 10 controls the on-duty of the main switch Ql in such a manner 
that the rectified output current waveform is shaped to be the same as the 
waveform obtained by full-wave rectifying the AC power supply voltage Vi, 
thereby making it possible to structure a boost type power factor improving 
circuit. 
[0095] 

As mentioned above, according to the power factor improving circuit of 
Embodiment 6, when the main switch is turned on by the leakage inductance Le 
between the primary winding 5a and the feedback winding 5b, the spike current 
due to the diode recovery does not flow. For this reason, noise is reduced and a 
noise filter is miniaturized, thereby making it possible to miniaturize the 
switching power source and highly improve efficiency. 
[0096] 

Moreover, since ZCS is carried out by the leakage inductance Le when the 
main switch Ql is turned on, switching loss and switching noise can be reduced, 
thereby making it possible to highly improve efficiency and reduce noise. 
Moreover, energy stored in the leakage inductance Le is fed back to the load 
through the magnetic path of the core, thereby making it possible to highly 
improve the efficiency. 
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[0097] 

Furthermore, similar to Embodiment 1, the control circuit 10 sets the 
switching frequency of the main switch Ql to the lower limit frequency (for 
example, 20 kHz) when the input current is the lower limit setting current or less, 
sets the switching frequency of the main switch Ql to the upper limit frequency 
(for example, 100 kHz) when the input current is the upper limit setting current 
or more, and gradually changes the switching frequency of the main switch Ql 
from the lower limit frequency to the upper limit frequency when the input 
current is in a range from the lower limit setting current to the upper limit setting 
current. As a result, the same effect as that of Embodiment 1 can be obtained. 
Additionally, the power factor improving circuit shown in FIG. 20 may be 
structured by the control circuit of Embodiment 2 having the characteristic as 
shown in FIG. 13, the control circuit of Embodiment 3 having the characteristic as 
shown in FIG. 15, the control circuit 10a of Embodiment 4 having the 
characteristic as shown in FIG. 17, or the control circuit 10b of Embodiment 5 
having the characteristic as shown in FIG. 19, in place of the control circuit 10. 
[0098] (Embodiment 7) 

FIG. 21 is a circuit configuration diagram illustrating a power factor 
improving circuit according to Embodiment 7. Embodiment 7 is different from 
Embodiment 1 in the structure of a control circuit lOd. The control circuit lOd 
has an output voltage sensing operational amplifier 11, a multiplier 12, a current 
sensing operational amplifier 13, and a pulse width modulator 14. The output 
voltage sensing operational amplifier 11 corresponds to the error amplifier 111 of 
Embodiment 1 shown in FIG. 5. 
[0099] 

The output voltage sensing operational amplifier 11 amplifies an error 
between voltage of the smoothing capacitor CI and a reference voltage Vref, then 
generates an error voltage, and outputs the result to the multiplier 12. The 
multiplier 12 multiplies the error voltage from the output voltage sensing 
operational amplifier 11 and an output (input of the pulse width modulator 14) of 
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the current sensing operational amplifier 13 and outputs a multiplied output 

voltage to the current sensing operational amplifier 13. 

[0100] 

The current sensing operational amplifier 13 amplifies an error between a 
voltage, which is proportional to the input current detected by the current sensing 
resistor R, and the multiplied output voltage from the multiplier 12 to generate an 
error voltage and outputs the error voltage as a comparison input signal to the 
pulse width modulator 14. Moreover, as described above, the current sensing 
operational amplifier 13 feeds back the above-generated error voltage to the 
multiplier 12. 
[0101] 

In addition, the power factor improving circuit of Embodiment 7 uses the 
multiplier 12 as a voltage varying section for varying the output of the current 
sensing operational amplifier 13 according to the error voltage from the output 
voltage sensing operational amplifier 11. In place of the multiplier 12, a divider 
or a variable gain amplifier can be used. 
[0102] 

The pulse width modulator 14 has a VCO 141 and a comparator 142 as 
illustrated in FIG. 22(a). The VCO 141 generates a triangular wave signal 
obtained by changing the switching frequency f of the main switch Ql according to 
the voltage value which is proportional to the current flowing into the current 
sensing resistor R. In the comparator 142, the triangular wave signal from the 
VCO 141 is input to a + terminal and a comparison input signal from the current 
sensing operational amplifier 13 is input to a - terminal. The comparator 142 
generates a pulse signal, which is turned on, for example, (H level) when the value 
of triangular wave signal is the value of comparison input signal or more, and 
turned off, for example, (L level, e.g., zero) when the value of triangular wave 
signal is below the value of the comparison input signal. The comparator 142 
applies the pulse signal to the gate of the main switch Ql to control the output 
voltage of the smoothing capacitor Cl to a predetermined voltage. The VCO 141 
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corresponds to the VCO 115 of Embodiment 1 shown in FIG. 5. The comparator 
142 corresponds to the PWM comparator 116 of Embodiment 1 shown in FIG. 5. 
[0103] 

FIGS. 24(a) and 24(b) are views each illustrating an example of an I/O 
characteristic of a pulse width modulator. FIG. 24(a) shows an I/O characteristic 
of the pulse width modulator in which an input voltage Es and a duty cycle D are 
in proportional to each other, namely the relationship of Es=D is established. 
FIG. 24(b) shows an I/O characteristic of the pulse width modulator in which the 
relationship of Es = 1-D is established between the input voltage Es and the duty 
cycle D. 
[0104] 

In the pulse width modulator 14 shown in FIG. 22(a), a waveform as shown 
by "output 1" in FIG. 23 is obtained as an I/O waveform, and a characteristic as 
shown in FIG. 24(a) is obtained as an I/O characteristic of the pulse width 
modulator 14. 
[0105] 

Also, the comparator 142 generates a pulse signal, which is turned on, for 
example, when the value of comparison input signal is the value of triangular 
wave signal or more, and turned off, for example, when the value of comparison 
input signal is below the value of triangular wave signal. The comparator 142 
may apply the pulse signal to the gate of the main switch Ql to control the output 
voltage of the smoothing capacitor Cl to a predetermined voltage. In other 
words, when "+" and "-"input terminals of the comparator 142 are inversely 
connected as shown in FIG. 22 (a), the output voltage is reversed. A waveform as 
shown by "output 2" in FIG. 23 is obtained as an I/O waveform, and a 
characteristic as shown in FIG. 24(b) is obtained as an I/O characteristic. 
[0106] 

FIG. 22(b) shows another structure example of a pulse width modulator 14a. 
After the comparison input signal is reversed by a reverser 143 having an 
operational amplifier and the pulse width modulator 14a supplies the reversed 
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comparison input signal to a - terminal of the comparison 142. The reverser 143 
connects a resistor r2 between an output terminal and the — terminal, inputs the 
comparison input signal to the — terminal through a resistor rl, inputs voltage 
divided by a resistor R3 and a resistor r4 to a + terminal, and outputs a reversed 
output to the — terminal of the comparator 142. 
[0107] 

According to the aforementioned structure, when a voltage of the 
comparison input signal is low, a voltage at the - terminal of the comparator 142 
is high. As a result, the I/O characteristic of the pulse width modulator 14a is 
shown as in FIG. 24 (b), and the duty cycle D becomes small. When "+" and 
"-"input terminals of the comparator 142 are inversely connected as shown in FIG. 
22 (b) and the voltage of the comparison input signal is high, a voltage at the — 
terminal of the comparator 142 becomes low. As a result, the I/O characteristic 
of the pulse width modulator 14 is shown as in FIG. 24 (a), and the duty cycle D is 
increased at a low voltage of comparison input signal. 
[0108] 

An explanation will be next given of an operational principle of the power 
factor improving circuit according to Embodiment 7. An operation of a control 
circuit lOd is explained here. 
[0109] 

First, it is assumed that current of the boost reactor LI continuously flows. 
If the duty cycle (corresponding to on-time ratio T2/T1 where a switching period of 
the main switch Ql is Tl and on-time of the main switch Ql is T2), in which the 
main switch Ql is turned on, is D, the relationship between an input voltage Ei, 
which is a voltage across the full- wave rectifier Bl, and an output voltage Eo, 
which is a voltage across the load RL, is Eo/Ei=l/Q-D). 
[0110] 

Moreover, it is assumed that the characteristic of the pulse width modulator 
14 is one as shown in FIG. 23. If the input voltage of the pulse width modulator 
14 is Es, Es=l- D is established, and therefore, Es=l-D=Ei/Eo is established. 
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[0111] 

The output voltage Eo is DC and its value is substantially constant, and the 
input voltage Ei is a sine wave with a half cycle. For this reason, the input 
voltage Es is an amplified output of the current sensing operational amplifier 13 
and is shaped to a sine wave with a half cycle. The multiplier 12 varies the 
output of the current sensing operational amplifier 13 according to the value of the 
error voltage (DC voltage) from the output voltage sensing amplifier 11 and 
outputs the obtained voltage, serving as a second reference voltage (reference 
voltage with a half- sine wave), to the current sensing operational amplifier 13. 
The current sensing operational amplifier 13 amplifies an error between a voltage 
Vrsh, which is proportional to the current detected by the current sensing resistor 
R, and a reference voltage with a half-sine wave, and outputs the half-sine wave to 
the pulse width modulator 14. For this reason, the input current detected by the 
current sensing resistor R is shaped to a half- sine wave. Accordingly, the input 
current flowing into the current sensing resistor R is shaped to the half-sine wave 
in proportional to the input voltage Ei, thereby allowing improvement in the 
power factor. 
[0112] 

Moreover, since the output voltage from the output voltage sensing 
operational amplifier 11 is input to the other input terminal of the multiplier 12, 
the multiplier 12 varies a gain (output) according to the value of the output 
voltage from the output voltage sensing operational amplifier 11. This makes it 
possible to change magnitude in the voltage with the half-sine wave to be input to 
the pulse width modulator 14. 
[0113] 

If the output voltage Eo is decreased by some reason, the output voltage 
sensing operational amplifier 11 reduces the output voltage according to the 
decrease in the output voltage Eo. Then, since the multiplier 12 reduces the gain 
(output) based on the decrease in the output voltage of the output voltage sensing 
operational amplifier 11, the comparison input signal output from the current 
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sensing operational amplifier 13 is also reduced and the pulse width modulator 14 
increases the average duty cycle D of the pulse signal based on the decrease in the 
comparison input signal from the current sensing operational amplifier 13 (case of 
output 1 shown in FIG. 23). As a result, a ratio of time during which the main 
switch Ql is in an on state is increased, and thus the input current is also 
increased. Accordingly, the output voltage Eo rises, so that the output voltage 
Eo is maintained constant. 
[0114] 

Next, an entire operation of the power factor improving circuit will be 
explained with reference to the waveform of each section of FIG. 25. First, when 
an input voltage Vi with a sine wave from the AC power supply Vacl is input, an 
input current Ii with a sine wave flows. Then, the input voltage Vi from the AC 
power supply Vacl is rectified by the full-wave rectifier Bl, so that a full-wave 
rectified voltage Ei is output. 
[0115] 

When the main switch Ql is turned on, current flows through the route of 
Bl— *L1— »Q1— >R— >B1. Next, when the main switch Ql is changed from on to off, 
the voltage of the main switch Ql is increased by a voltage induced by the boost 
reactor LI. Moreover, since the main switch Ql is turned off, the current flowing 
into the main switch Ql becomes zero. Furthermore, the current flows through 
the route of LI— >D1— >C1 to supply power to the load RL. 
[0116] 

As explained above, the main switch Ql is turned on/off at the switching 
frequency, and therefore, the sine wave current with a half cycle flows across the 
current sensing resistor R. Then, a voltage (sine wave voltage with a negative 
half cycle shown by "multiplier input 2" in FIG. 25) is input to one end of the 
multiplier 12 from the current sensing operational amplifier 13. Moreover, a 
voltage (positive DC voltage shown by "multiplier input 1" in FIG. 25) is input to 
the other end of the multiplier 12 from the output voltage sensing operational 
amplifier 11. The multiplier 12 varies the output of the current sensing 
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operational amplifier 13 according to the value of the error voltage (DC voltage) 
from the output voltage sensing operational amplifier 11. The varied voltage 
serves as a reference voltage with a half-sine wave. 
[0117] 

Then, the current sensing operational amplifier 13 amplifies an error 
between the voltage Vrsh, which is proportional to the current detected by the 
current sensing resistor R, and a reference voltage with a half-sine wave, and 
outputs the half-sine wave to the pulse width modulator 14. As illustrated in 
FIG. 25, a "current sensing operational amplifier output" is output as an output 
voltage with a half cycle-sine wave having a similar figure to its input. 
[0118] 

Next, the "current sensing operational amplifier output" as shown in FIG. 25 
is input to the pulse width modulator 14 to control the pulse width of the pulse 
signal. At this time, since the pulse width modulator 14 has the characteristic as 
shown in FIG. 24 (b), the duty cycle of the main switch Ql as shown in FIG. 25 is 
obtained. FIG. 26 shows an actual input voltage Vi and an input current Ii of this 
power factor improving circuit. The waveforms illustrated in FIG. 26 are 
extremely close to the sine wave, and shows a good result of each of the power 
factor and distortion factor although they slightly deviates from the sine wave in 
the vicinity of zero current. 
[0119] 

As mentioned above, the power factor improving circuit of Embodiment 7 
can improve the power factor and input the output of the current sensing 
operational amplifier 13 to the multiplier 12. Accordingly, there is no need to 
provide a resistor for dividing the full-wave rectified voltage output from the 
positive-side output terminal PI of the full-wave rectifier Bl, thereby making it 
possible to reduce the number of parts for the control circuit 100 shown in FIG. 1 
to achieve a simple structure and facilitate adjustment of the circuit with low 
cost. 
[0120] 
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Additionally, the conventional power factor improving circuit shown in FIG. 
1 has a first negative feedback loop in which current is detected by the current 
sensing resistor R to PWM control the main switch Ql through the current 
sensing operational amplifier 13 and the pulse width modulator 14, thereby 
controlling the current. Also, the conventional power factor improving circuit 
has a second negative feedback loop in which the output voltage of smoothing 
capacitor CI is detected to control the main switch Ql through the output voltage 
sensing operational amplifier 11, the multiplier 12, the current sensing 
operational amplifier 13 and the pulse width modulator 14, thereby controlling 
the output voltage. Furthermore, the conventional power factor improving 
circuit has a third negative feedback loop in which a voltage from the full-wave 
rectifier Bl is detected to control the main switch Ql through the multiplier 12 
and the pulse width modulator 14, thereby controlling the output voltage. 
[0121] 

In contrast to the above, the power factor improving circuit of Embodiment 7 
can reduce one voltage detection loop in which the voltage from the full-wave 
rectifier Bl is detected and the result is input to the multiplier 12. This 
eliminates the instability of the control circuit lOd caused by this loop, and the 
circuit can be stably controlled in the two loops. 
[0122] 

Moreover, the switching frequency of the main switching Ql is set to the 
lower limit frequency (for example 20 kHz) by the VCO 141 in the pulse width 
modulator 14 included in the control circuit lOd when the input current is the 
lower limit setting current or less as in Embodiment 1. When the input current 
is the upper limit setting current or more, the switching frequency of the main 
switching Ql is set to the upper limit frequency (for example 100 kHz). When the 
input current is in a range from the lower limit setting current to the upper limit 
setting current, the switching frequency of the main switching Ql is gradually 
changed from the lower limit frequency to the upper limit frequency. This leads 
to the same effect as that of Embodiment 1. Moreover, this power factor 
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improving circuit may be structured by the control circuit of any one of 

Embodiments 2 to 5, in place of the control circuit lOd. 

[0123] 

As explained above, in the power factor improving circuit of the present 
invention, the switching frequency of the main switch is changed according to the 
value of current flowing into the AC power supply, or that of current flowing into 
a rectifier, or that of current flowing into the main switch, namely, the value of 
input current, thereby reducing the switching frequency or stopping the 
switching operation at the portion where the input current is low. Accordingly, 
it is possible to decrease power loss of the portion where the input current is low 
and achieve miniaturization, high efficiency, and noise reduction. This makes it 
possible to achieve miniaturization of a switching power supply device and an 
increase in efficiency thereof and improve efficiency at a low output power (such 
as standby time) to reduce power consumption of equipment such as television 
(TV) sets. 
[0124] 

Additionally, the power factor improving circuit shown in FIG. 20 may be 
structured by the control circuit lOd of Embodiment 7 shown in FIG. 21, in place 
of the control circuit 10. 
Industrial Applicability 
[0125] 

The power factor improving circuit of the present invention can be applied to 
an AC-DC conversion type power supply circuit. 



